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In  t^ie  cali'brntion  of  higher  ros/'Jng  ammete-^s  it  is 
necessai-y,  on  accov.nt  of  t"ue  high  current  required,  to  use 
too  large  an  ajviount  of  po-i7er  to  Toe  econonical  vihfrn  t)\e   current 
is  supplied  at  the  noriaal  voltage  of  an  ordinary  A.  C.  gen.era- 
tor.  For  this  res  .son  it  is  advisa>5le  to  u.se  a  transforiaer  in 
connection  with  the  generator,  v-hif^h  lov;ers  the  voltage  and 
gives  a  higher  current,  and  only  changes  the  power  by  an  ai-iount 
equal  to  the  losses  in  -said  transformer. 

The  ordinary  transforiners  bviilt  nnd  such  as  are  in  the 
labratories  of  technical  institutions  are  huilt  for  trans- 
forr.ia' ions  of  about  1,000  to  100,  or  possibly  frori  1,000  to 
50  volte.   A  generator,  to  supply  current  for  calibration  pur- 
poses, should  not  be  larger  th-/n  4  or  5  K.  w.  at  the  most,  to 
be  econoraical,  'Tith  this,  the  above  transforiner  of  I,000/l00 
volts  would  then  give  a  current  of  50  arcperes  at  100  volts. 
'J^he^n   to  obtain  the  higher  current  readings  requires  another 
transformer  in  connection  vrith  this  one.  This  second  trans- 
former would  have  to  be  specially  designed  on  account  of  the 
high  current  at  its  secondary. 

The  transforrier  v;hich  v/e  thinl;  best  suited  for  this  pur- 
pose and  the  design  of  which  vre  have  chosen  for  our  thesis, 
is  one  to  transform  froia  IIO  (pri.  )  to  5  volts  (sec).   The 
capacity  to  be  such  (5  K.   yk)   that  a  current  of  1,000  araperes 
may  be  delivered  at  the  secondary.  This  v/ill  easily  encorapass 
the  entire  scale  of  tlie  jiiajority  of  the  auaneters  in  use  in  any 
technical  institution  and  in  the  various  conr^.ercial  uses  to 
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which  ainmeterR  are  put;      as  the  highf^r  reading  aiometers   (5,000 
amperes,   etc.)  of  c:ov.Tne.  only  talce  a   shuntei.  current  and  do 
not   talce     a  current  higher  than  1,000  ajrperes. 

There-  is  another  field  in  \"hich  the  above  transforjaer 
may  be  used;      that   is,    in  electro-chemistry.      »7e  Y.nov  t"-»t  the 

■X. 

heat  developed  in  '^ny  circuit  ia  represented  by  i  K  —  !_  being 
the  current  in  amperes  flo-vTing  in  the  circuit,  and  R  the  re- 
sistance in  ohins  of  the  circuit,  ^ron   this  we  can  see  that 
to  obtain  the  maxiraum  aiaount  of  heat  v:ith  the  least  expenditure 
of-  power,  we  must  h-ve  the  highest  current  v;ith  the  lowest 
voltage  feas-ibie,  as  the  power  is  expressed  by  E  I  —  where 
Jl  is  I'he  voltage  across  the  circuit.  From  this  discussion 
it  may  rea-i^ily  be  seen  that  the  above  transformer  will  also 
be  valuable  in  the  electric  furnace,  where  currents  as  high 
as  1,000  amperes  are  required  to  give  the  necessary  heat. 
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In  designiJig  a  transformer  certain  conditions  are  imposed 
under  Wiic"-'  it  Ic,   to  ope-pate,  a^-  the  priraary  and  secon-lpr^^ 
voltages,  capacity,  frequency  of  alternation  and  minimun 
allowpJ^le  efficiency. 

There  are  three  methods  oiB  design  which  are  as  follows: 

I.  Analytical  llethod; 

II.  Tri^.l  and  Error  Method; 

III.  Empirical  I.Iethod. 

However  if  the  given  conditions  c^ll  for  a  design 
th«t  dteparts  conP!id«ra'bly  from  previous  expei-ience,  the  second 
method  is  the  only  one  availahle.   This  consists  in  assujiiing 
various  values  for  B.,  dinensions  nnd  shape  of  core,  current 
density  -rind   nmrfDer  of  turns  of  wire  and  selecting  the  trans- 
forrr.er  best  suited  to  th,e  given  conditions. 

The  -("irst  thing  to  he  done  in  the  design  of  a  trans- 
former is  to  decide  upon  the  t^rpe  and  the  method  of  cooling. 
'7e  decided  that  the  core  type  v/as  the  best  suited  to  our  condi- 
tions, as  it  v;o-i.ld  be  difficult  to  -.rind  such  heav^'"  wire  as  v;e 
v/ould  necessarily  have  to  use  for  high  currents,  on  a  shell 
type  of  transformer.   In  regard  to  cooling,  ait"  cooling  will 
give  very  satisfactory  resiilts  vrhen  usin^^:  a  core  type  of  trans- 
former of  this  size. 

y;e  will  now  consider  the  general  equation  for  a 
transformer,  which  is:- 

"^  77"  Nk,  a  ti  f 

E  -  f volts,  in  which 

lOi 


E  r  Counter,  ¥>,   M.  P. 

IL,-  NO.  turns  on  -oriinary, 
r 

A  -     Area  cross  section  of  core  sq.  in., 
B  =  Flux  density  (lines  fa       ), 
f  ««•  Frequency. 

The  next  thing  to  consider  is,  the  conditions  im- 
posed upon  the  transformer;   they  are :- 
Capacity  5  K.  vf. 

Secondary  current  1,000  amperes. 

Primary  voltnge  no, 

Freqi.iency  60  cycles. 

From  this  \7e  can  see  that  the  only  variables  in  the 
above  equation  are  IL^,  A  and  B,     But  for  any  value  of  A,  B  is 
a  constant;   t"is  then  narrows  it  clown  to  Ni^  and  either  A.  or 
B  as  the  variables.   As  T;e  desire  to  consticaict  ihe  transformer 
with  the  laminated  core  as  shown  in  the  accor.i- 
panying  sketch,  it  is  advisable  to  assvune  a 
certain  inside  diameter  of  coil  arid  f?:'om  this 
calculate  the  values  of  A  and  B  resulting;   leaving  the  spaces 
m,  m  for  air  circulation  to  r'id  in  cooling. 

One  other  variable  that  does  not  cone  directly  into  the 
above  equation  is  the  current  density  in  the  coils,  .This  then 
leaves  us  with  three  variables  to  consider  -  -  the  number  of 
turns  on  +>e  primary,  the  diameter  of  core,  and  the  denraty 
of  current  in  coils. 

Y/e  can'ried  out  a  series  of  calculations  with  variou.s 
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values  of  these  variables,  obtaining  all  data  of  the  transformer 
and  its  efficiency  under  all  the  vsi-ious  conditions  \7hich  v;e 
assurued.  V^^e  liiaited  the  flux  density  in  the  core  to  40,000 
lines  per  sq.  in.  vmich  seemed  to  be  a  inaxiiiium  upper  limit 
consistent  rith  good  practice.  The  follov/ing  is  the  complete 
set  of  calculations  with  one  set  of  assmaptions,  showing 
method  of  calculation: 

Design  of  5  3C.  "l.   Transformer. 
The  assi.ijuptions  are  :- 

Current  density  -  _  t,000  circular  mils  per  ampere, 

Nmifoer  of  turns  on  primary  132, 

Diameter  core  3-l/S", 
Data  as  given  for  design :- 

Capacity  5  K.  W. , 

Current   in  sec.      1,000  airip, 

Voltai;e  of  primary     IIO  volts, 

Frequency     60  cycles. 

Primary  Current     (l^  ) 

Bf,  lu,  5,000 

Ii/= =s     s  45.5  amperes. 

E/^  IIO 

Size  v^ire  of  primary  coil. 

Since  i,000  circuls^ir  mils   /  am.peres  are  allOTred  in 
primary,   ?nd  primary  carries  45.5  amperes;    circul?.r  mil  area 
will  be  45.5  X  1,000  =,  45,500   circular  mils.      This  is  equiva- 
lent to  about  2  yf  6     B  &  S  v/ires. 
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{2  X  26,250  :a  52,500   circtilf^r  mils)     villi  therefore  be  vised. 
Diameter  r   .1620  -*•  .02   (which  is  the  thiolcness  of  insula- 
tion) 5:   ,1820,    ^lia.    of  in^ulpted  T7ire. 

Current   in  secondary  is  1,000  amperes;      then 

1,000  X  1,000  =  1,000,000   circuL-^r  mils,   required  for  sec. 

This  equpls  785400   squpre  mils. 

Since  two   secondary  coils  v/ill  he  in  parallel,  we  have 

735,400 

•=  392,700  square  mils  /  amperes, 

2 

corresponding  to 

2"  X  1/4"  copper  rita'^^on  =  500,000  so.  mils. 
vje   will  use  2-1/8"  rihhons  in  parallel. 

1/4  X  3  X  (.02  X  3)  =  .81"  depth  of  series  winding. 

(  .135  X  2)  X  2  s  2.27"  outside  dia.  of  spool. 

Space  occupied  by  primary  coil  :- 

Since  the  '.'rimary  f^^'iould  have  the  sgj'ie  thiolcness  as 
the  secondary,  then 
.81 


,  4+ 

.1820 

Therefore  we  will  have  four  layers. 

Now  the  capacity  of  the  transformer  5  K.  W. ,  divided 

5,000 

by  1,000  amp.  secondary  current, =  5  volts  in 

1,000 

secondary,   "li^  r-^tio  of  transformation  is 

IIO 
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With  132  turns  on  t"ie  priiiary  v:e  h?ve  ^  6  turnR  on  the 

secon-lary. 


In  regard  to  the  spacing  of  the  coils,   the  oest   arrange- 
ment to  reduce  lealiage,    is  to   int^.rlace   ihe  priiiiary  and 
se  -ondary  coils.      So  we  will  arrange  the  coils   in  t-'Lis  orr'der 
on  eflch  leg  of  the  transforraer  P,s,P,s,P;      w.^.ich  inakes  six 
pririary  coils  and  four  secondary  co-^ls  in  all,   on  the  ivro 
legs;      132  turns  on  primary,   and  6  prinary  coils  luaXes 

132 

•-■  22  turns  'oer  coil.   So  we  i^rill  have  22  turns  of  2 

6 

#6  B  8:  S,  #S0   D.  c.  wire,  arranged  as  H'-.o^;:n  In   accompanying 


sleet  ch. 


5o 

Thif:.  Aims  in  all,  or  12 


turns  vfide  in  widest  part. 
12  X  .182"  ■=■  2.184"  space  necessary  for  wire  of  one  coil; 
2.184  ^  (.135  X  2)  =  2.45"; 

2.45"  X  3  =:  7.35"  width  of  prinary  coils  on  one  leg; 
2.27"  X  2  =  4.54"   .  "    "  secoiidary  coils  on  one  leg; 
11,89"    "    "  all  coils  on  one  leg; 

Allowing  .04"  hetv;een  each  coil  ^  (.Oa  x  5)  =;  .2"  for  clearance; 

I     I 
Allowing  for  bringing  out  leads -f 4  3  (  .182)  «.  I.04G". 

4     4 

Then  total  length  over  all  coils  is  11.89"  4  ,2"  4  I.04fo"  js 
13.  136". 
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Average  dip.   primary  ooil  is. 3. 5"  +  T"  ^  4.5"; 

Then  leTLgtn  of  one  pri.  turn  is  4,57r"; 

17,2     X  4,5  IT' 

length  of  132  tiirns  is =  155  feet. 

12 


P 


Then  ve  icnov;  that   the  resistance  of  any  v.-ire  or  rod  is  K 

A 
where 

p  «  specific  nil  foot  resistance  of  copper  =.  12; 

1  s  length  of  wire  in  feet; 

A  ;s.  area  of  cross  section  o'"  v;ire  in  circular  mils. 

Then  the  resistance  of  the  priiaary  coil  is 

12  X  I5o 

52500 


=  .0354  ohms, 


In  the  sppe  way  the  resistance  of  the  secondary  coil  is 
6  7.  TTx   4.5 

12  X  ( • )   — TOgefQgSt-'ohmG-. 

12 

_   .000,067  ohJiis. 

1,270,000 

Then  the  total  I  R  loss  in  the  transforiaer  is 


(  45.5  X   .0.'^54)  -^  (1000  x   .000067)  =  140  v.ratts; 
140 


5,000 


X  100  =  2,8)0   copper  loss  at  full  load. 


Net  area  of  cross  section  of  this  iron  is 
/^  \   7.8  sq.  in.,  allo-Ting  lofj  i"'or  insulation, 

J  Len^-th  of  each  leg  is  13.5"  i-^etween  the 
1    ends  as  sho';rri  in  this  s];etch  of  iron  core, 


which  leaves  ahout  ^4"  for  clearance  at  ends 
'   J   of  coils.  Then  the  voluiae  of  these  legs 


Is  7.8  X  13.5  X  2  s  211  cu.  in. 


^H^^Jj^^LLfi 
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To  h9.ve  an  area  at  the  ends  equal  to  7.8,  allovring  for 

ekaMp<5*»i«g  champhering,  it  ic  necef-psiy  to  nalce  the  \7idth  3", 

Then  the  volunie  of  the  two  ends  is  2  x  7,8  x  10.5  =  14^  cu  in. 

Total  volume  of  iron  is  then  -  - 

211  +  149  «  360  CU.  in. 

The  forjuula  for  tlie  hysteresis  lopis  is  -  - 
/.  fc       -7 

n  ^Vi    ffl    ^    '      X  10 

/,tf        -7 

H  M,   360  X  60  X  .002  X  40.000    x  10 


H  -       =  560  X  60  X  .002  X  23.100.000 s*  97.6  vratts 

''  ~  '    '10^  -^ 

97.6  X  100 

_^I,98^j  iron  loss 

5,000 

The  full  load  efficiency  then  is  100  -  2.8  -  I. 98  = 
95.4  fj  efficiency. 

In  the  saiie  manner  v;e  carried  ov.t  the  calcul^i.tions  with 
the  ahove  naned  assujuptiuns.  The  results  of  the  calculations 

are  given  in  the  follov;in^  table.  In  the  case  v;here  we  as- 

suraed  88  turns  on  the  primary  coil  it  w^i-S 'found  that  the  :*^lux 

density  ^ras  too  high  as  is  seen  by  the  figures  shown. 
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Data  froif.  calciilations  of  5  K.  w.  hifih  current  Transforraer. 


60 


Cycles  —        "^        IIO  — ^    5     —   ^45.    45     - 


-      !•  - 


1000 


^'0    of 

turns : 

/^ 

Total  . 

Iron^                           CDinils 

Dia."    : 

P    : 

S      : 

A°": 

Ycu^: 

^rL^Tr  W: 

T*r^f   : 

lVf^^?{J: 

■Rf  f  ^ : 

p/?7it  !  /n-mfxM 

3 

132 

6      : 

5.6    : 

230    : 

65      : 

59     -  : 

2.50    : 

2. 01 : 

95.^^  : 

5'4000': 

1000 

31/4 

» 

n       : 

6.7    : 

291     . 

69      : 

63 

2.64 

1.99: 

95!5    : 

46700  : 

1  " 

3   1/2 
3   3/4 
4 

ti 

11 

7.3    : 

360    : 

73      : 

67 

2.80 

2.00: 

95,4    : 

40000 : 

»l 

tt 

It        ; 

8.6     . 

411 

77       . 

70 

2.94 

1.92: 

95.45 

36600  : 

tt 

n 

It         ; 

9.9 

474    : 

81      : 

74 

3.10 

1.71- 

95.4 

31600  : 

It 

3 

132 

6 

§,g 

230 

56.8  : 

45.8 

2.05 

2.01 

95.96 

54000 : 

1300 

3   1/4 

t» 

tt 

6.7 

:  291 

:60.4 

:   48.6 

:2.i3 

:  1.99 

:95.83 

:/u6700 

:     «t 

3   1/2 

:      n 

:       tt 

:  7.8 

:    360 

:64.I 

:  51.6 

12.  21 

:  2.00 

:95.79 

140000 

;         If 

3  :^U 

:     H 

:       " 

:  8.6 

:  411 

:67.5 

:   54.2 

:2.43 

:  1.92 

:95.65 

:36600 

;         tt 

4 

;     " 

:       " 

:  9,9 

:  474 

:70.3 

:    57.0 

:2.54 

:  1. 71 

:95.75 

:  .31600 

:      n 

3 

:  132 

:       6 

:  5.6 

:  230 

:5I.4 

:  39.4 

:i.82 

:  2.01 

:96.I7 

:  54000 

:i500 

3   1/4 

',     " 

I       " 

:  6.7 

:  291 

:54.6 

:  41.8 

:t.93 

:  1.99 

:96.08 

:a6700 

:     tt 

3   1/2 

•     ti 

:       It 

:  7.8 

:    360 

:57.8 

:   44.4 

:2.02 

:  2.00 

:95.08 

140000 

;        tt 

3    3/4 

'.     " 

I       tt 

:  8.6 

:  411 

:6i.T 

:   43.8 

:2.I6 

:  1.92 

:95.92 

:o6600 

:     " 

4 

'.     " 

I       " 

:  9,9   ' 

:  474 

:64.o 

:  49.0 

:2.I8 

:  1. 81 

:96.oi 

131600 

:     It 

3 

:  178 

:       8 

:  5.6 

:   230 

:87 

:  73 

:3.3I 

:  1.35 

:95.34 

:4I800 

:iooo 

3   1/4 

;        ti 

I        tt 

:  6.7 

:  291 

:92 

:  84 

:3.52 

:  I. .30 

:95.I3 

135000 

:     " 

3   1/2 

•        If 

;           II 

:  7.8 

:    360 

:97 

:  89 

:3.7I 

:   T.26 

:95.0,^ 

:30000 

;        tt 

3    3/4 

:     •♦ 

'.           " 

:  8.6 

:  411 

:I03 

:   93.5 

:3.93 

:  1. 18 

:94.89 

:272C0 

;        tt 

4 

'.     •• 

;          H       t 

t    9.9    * 

r  474 

:i08 

:  97. 

:4.xo 

:     .97 

:94.93 

:23600 

:     It 

Z 

31/4 
3   1/2 
3   3/4 

:   176 

:       8 

:  5.6 

:   230 

:7o.7 

:  61.0 

:2.73 

:  1.35 

:95.92 

141800 

:13CC 

:     " 

;          tt 

:  1.7 

:  291 

:80.5 

:   64.9 

:2.9i 

:  I. .30 

:95.79 

:35000 

:     " 

'.     " 

;           If 

•    7.8 

:    350 

:85.5 

:    68.6 

:3.08 

:  1.26 

:95.66 

:30o-o 

;        It 

;       II 

'.          " 

:  8.6 

:  411 

:90 

:  72.4 

:3.25 

:  1. 18 

195.57 

:27200 

1        " 

4 

I       n 

:       If 

.    9.9 

:  474 

95 

.    76.0 

:3.42 

:     .97 

:95.6i 

:23600 

ft 

3 

3   1/4 
5    1/2 
3    3/4 

:  176 

:       8 

5.6 

230 

:68.7 

:    52.0 

:2.42 

:  1.35 

:41800 

1500 

;       « 

'.       •♦ 

6,7 

291 

.72.8 

52.8 

:2.57 

:  1.30; 

:35000 

II 

:      11 

:       II 

:   7.8 

360 

.77.2 

59.2 

:2.73 

:  1.26 

•30000 

tt 

It 

tt 

8.6 

411 

81.5 

62 . 5 

:2.83 

:  1. 18 

'27200 

n 

4 

II 

It 

9.9 

474 

35.0 

54.0 

'.2.98 

.      .97 

23600 

It 
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Wo  of 
Dla.":     P 


rurna 


:J^rea 


CU.7 

Vol 


Total     Iroij 
(I   R)4,^H^:i  R7j:1ossvo 


Ei^f'-o 


©mils 

B/fl"  . 

per  PXTP 

8^900 

1000 
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» 
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tf 
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» 
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ir 
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70000 

n 
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n 
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;    n 
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3 
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3  3/4 

4 

5 

3  1/4 

3  1/2 
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4 
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1/2 
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88 


88 


88 


5.6 
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/" 

: 

6.7 
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I 

7.8 
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'. 

8.6- 

411 

I 

9.9 

474 

• 

5.6 
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37 . 1 

30.5:1.35 

6.7 

291 

40.4 

32.3:1.45 

7.8 

360 

42.6 

34.4:1.54 

8.6 

411 

45.1 

36.2:1.62 

9.9 

474 

48.10 

38.1  :i.  72 

5.6 

230 

.  34.4 

.20.3:1.2 

6.7 

291 

36.7 

27.9:1.29 

7.8 

360 

•  38.5 

28.6:1.34 

8.6 

:  4X1 

40.3 

: 31. 2: I. 43 

9.9 

474 

.  42.2 

.32.8:1,50 
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Frora  these  calculations  we  decide-^.  ±is=i  ihB  3  1/2  core 
with  132  turns  on  the  primary  and  six  turns  on  the  f-econdary  and 
with  a  current  density  of  1500  circular  lails  per  awpere. 

It  hss  "been  fdind  hy   experience  that  for  a  transformer 
oi'-^rating  under  full  load  conditions,  the  iron  losses  shoirld  be 
made  practically  equal  to  the  copper  losrie'S  for  best  results. 
The  caloul'itions  made  with  the  above  chosen  assunptions,  giving 
the  best  efficiency,  alr:;o  ansv/er  these  conditions. 

The  next  thing  ^76  did  rras  to  obtain  a  test  ring  of 
laminated  iron  of  the  quality  7/hioh  vie   expect  to  use  in  the  con- 
struction of  the  transformer,  and  insulated  in  the  saj.ie  manner. 
On  this  ring  \7ere  r/ound  a  primary  and  a  secondary  coil, 

we  de-ided  to  first  obtain  a  B  -  H.  curve  for  the  iron 
in  fiis  sai'iple  ring.  In  order  to  ascertain  i.vhether  the  quality  was 
of  a  suitable  grade  to  be  used  in  the  const. nj.ct ion  of  the  trans- 
former core.   In  order  to  do  this  it  v;as  necessary  to  lapAie   use  of 
a  ballistic  galvanometer,  in  the  Ewing's  Ring  J-iethod  of  Deter- 
mining a  B  -  H,  curve. 

Before  usi:a^;  this  galvanometer  we  found  that  it  was 
necessary  to  accurately  obtain  its  constant  K,  which  constant 
represents  the  deflection,  in  millimeters,  of  t]ia   moving  system 
of  the  galvanometer^  upon  the  api^lication  of  one  coulomb  of  • 
electricity,  at  its  terminals. 

The  method  used  to  determine  this  con^:t."nt  -ras  to  charge 
a  standard  one-third  microfarad  condenser  at  certain  "Known  voltages 
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and  then  discharge  Rame  through  the  galvanometer  noting  the  result- 
ant" deflect  ion 

Then  we  h:-.ve 

Q  -  KyP 
?r.      Q  =  C  E 

Hence     K  yP  -  c  E 
'  C  E 
K  s 

/ 

TiThere  Q  =  quantity,  in  coulorihs 
K  t=  galvanometer  constant 
0  «  capacity  in  farads 
E  »  E.  M.  "9.    in  volts 
IP   ^  Deflection  in  vm 
The  results  we  obtained  v/ere  as  follovrs  :- 

Voltage  P  in '»»*'►*<'.         yP  per  volt 

1  72  72 

2  .  152  76 
5  217  72 
4                 270  75 

Average  J9  per  volt  «  74. 

-^      "Tx  I(T*  X  I 

Substituting  in  above  equation  for  K,  we  have  K  — s:^ 

74 
-10 
45  X  10 

Having  obtained  this  constant  we  then  proceeds :^.  to  deter- 
mine the  B-H  curve.  To  lo  this  we  send  a  Icnown  current  through 
the  primary  coil,  which  gives  a  value  of  H.  which  can  be  calcu- 
lated from  the  for:7iiila  H  -  -f/rn^^  ^ .  where 

/ozr  
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H  ja.  Strength  of  field 

n*.  m.   nurnber  of  t\irns  on  prinary  ooil 

I  f=.   current  in  amperes  in   "    " 

1  qt  jnean  length  of  ring  in  9m 

Then  the  flov;  of  the  current  in  the  prirnary  inducefi  a  current  in 

the  r-:econdary  which  causes  a  -deflection  of  the  moving  systen  of 

the  galvanoTTieter.  From  this  we  can  calculate  the  value  of  B 

corresponding  to  this  value  of  H,  with  the  formula 
10' R  K  P 

•R  ca  .' in  which 

'*"     S'W^tf  A 

B  -■  flux  density  in  lines  j C7  <m. 

R  ss.  re.sir.tance  of  galvanometer  circuit 

K  =  galvanometer  constant 
^  jm  "      deflection  in  mm 

n  »  nuitiher  of  turns  on  secondary  coil 

A  =  area  of  cross  section  of  iron  ring  in  O    cm 

This  gives  the  m.aximuiii  value  of  B  ^  ^ -»>**/ 1^"-  '^^^^  intermediate 

values  of  B,  decrease  the  flux  H.  from  the  raaxirjura  to  the  point 

desired  and  no  reversal  is  necessar:;". 
IO*R  KyP 

In  the  case  b,  = in  vmich  B.  is  the  difference  betweeh 

'      ^^  A 
the  maximum  flux  and  the  flux  for  the  point  desired.  Then  to 

obtain  the  flux  for  the  point  desired  =•  B   ,  we  have  B  -  B  -  B.= 
lO^R.  K.  />  ^  '  ^^  \ 

B  -  r- 

n^  A 

Obtaining  a  number  of  values  of  B  &  H,  in  this  manner,  which  are 

given  below,  we  found  upon  plotting  the  accorirpanying  B.   H.   curve 
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for  the  Raraple,  that  we  obtained  a  hysteresis  loop  of  aiall  area 
and  as  t/iis  area  represents  the  aij.ount  of  energy  lost  by  hysteresis, 
per  cycle,  we  can  see  that  this  is  a  very  good  quality  of  iron  for 
the  purpose. 

The  data  and  resultix  of  this  te^t  are  as  f ollov;s  :- 

Primary  Coil  =  220  turns  #  14  ^  ^  S 

Secondary  »  «  660   »  #  22  "  "  " 

weight  of  iron  ^  9.907  # 

inside  dia.   ring  =  10.5"  -  26.67   oin 

Outside  »    "   =  12.5"  =  31.78  cm 

Area  of  cross  section  of  ring  =.  6.37^  cm 

K  =;  galvanometer  constant  =  45  X  10 

IO*R  K  P       10  X  780000  X  45  X  10    x  372 

Then  ^m  « ^  15.520 

2K*A  2  X  660  X  6.37 
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Ifainperes)   : 

R  ( 

3h:ns  ) : 

f  =:  def  in  nAn : 

- 

0      : 

200000   : 

215      : 

.5      : 

160     : 

l.o      : 

84     : 

1.5      : 

61      : 

2.0  ■     : 

51,5    : 

2.5      : 

43.0     : 

3.0      : 
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4.0 
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6.0 
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10. 0 
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looooo 
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3.0 
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9.5 

10. 0 
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-,0 
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-.5 

:     271 

-I.O 

:      343 

-1.5 

:      368 

-2.0 

:      383 

-2.5 

:   780000 

:      347 

-3.0 

:      352 

3.5 

:      360 

4.0 

:      364 

4.5 

:      365 

5.0 

:      364.5 

5.5 

:       368.0 

6.0 

:       365.0 

7.0 

:       366.5 

8.0 

:       369.5 

9.0 

:       371.0 

10. 0 

:      372.0 

0  H.K.P. 

B  , 

H    : 

lines  /Ocin 

VJT^  0. 

4610    : 

0   : 

I09I0 

3425     : 

1.565  : 

12095 

1800    : 

3.140  : 

13720 

1307     : 

4.71  : 

I4II3 

II03    : 

6.28   : 

I44I'/ 

922     : 

7.85   : 

14598 

792    : 

8.42 

14728 
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9.99 

I48I3 

492 

11.56 

15028 

514 

12.13 

15006 

503 

13.70 

I50I7 

428 

15.27 

15092 

364 

16.84 

1 51 56 

300 

17.41 

:    15220 

214 

:  18.98 

:    15305 

214 

:  20.55 

:    15306 

166 

:  23.69 

:    15354 

54 

:  26.83 

:    15466 

0 

:  30.07 

:    15520 

4620 

:   0 

:   10900 

20800 

:   1,565 

:     5280 

25700 

:  3.14 

:   I0I80 

27600 

:  4.71 

:    12030 

28700 

:   6.28 

:    I3I30 

29000 

:   7.85 

:    13480 

29400 

:   8.42 

:    13880 

30100 
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:    14580 

30400 

:  11.56 

:    14800 

30500 

:  12.13 

:    14980 

30450 

:  13.70 
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30700 

:  15.27 
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30500 

:  16.84 
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30600 

:  18.98 
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30900 
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31000 
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■■■■■■ 
■■■■■■ 


J— «—■■■— ■■■■—»— ■■—     ■■■■■■liiinai  ■■■■■■■■iiiiiiiiiiaHariiaaaiBgaiilaiiiaaaiaiaBsii  aaaaaaagaaaaiaaaaaaanaaaaaaaaHiaiaaaaai 

iiiii^WiilmiiaijHiiMagMl     ■aiilliiiiii»||liaiaa»aaaaaaiaaa»aaaaaaaaaaiaiaiiaaaaaaaaaa|aaaia_ia»aaaiii ..... 


SBSU 


■■■■■■■■■■ 


-17- 

After  determining  th'^t  the  iron  mrb   of  a  good  quality  for 
use  1 1  the  construction  of  the  transformer,  we  next  determined 
the   ..ron  loss  of  the  sample  of  iron,  by  the  open  circuit  second- 
ary method;   the  scheme  of  vrhich  is  as  shown  in 
aocoinpanying  sXetch,  we  Xnov;  that  V7ith  the  second- 
ary circuit  of  any  transforrier  open,  the  only  curreni 
which  flows  in  the  primary  circuit  in  tho  excitiiif;  m^   current,  which 
is  made  up  of  two  components  at  right  angles;   one  the  magnetising 

cutrent ,  v:hich  is  the  current  required  to  magneti-re  the  core  of 

o 

the  transform.er  and  which  is  90  behind  the  impressed  E.  M,  P, 

and  therefor  the  wattlerjs  component.  The  other  component  of  the 
exciting  current,  is  that  required  to  make  up  for  ti;e  iron  losses 
in  the  machine.  This  current  is  in  phase  with  the  E.  M.  P.  and 
the  product  of  the  tvTO  irajiltiplied  hy   the  pov/er  factor,  will  give 
the  iron  loss  in  watts  and  is  the  reading  of  the  wattmeter  in  the 
accompanying  scheme.  The  results  of  t" is  determination  are  as 
follows : 

reading!    corrected  1 


Volts 

Wattme 

'7atts 

10 

2.3 

so 

6.5 

25 

9.5 

50 

10.5 
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14.7 
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6.5 

:    5360 

.40 

:  ^^^oo 
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liVe  used. tile  cecondary,  or  coil  v;ith  greater  iTorrfoer  of  turns, 
as  t^e  T^rirnary  ceil,  becau^^e  more  accurate  results  are  obtPined 
than  ;7ould  i^e  if  we  had  used  the  other  ooil. 

By  varying  the  excitation  of  the  generator  we  obtained  the 
voltages  impressed  on  the  ring  transformer,  given  in  the  firnt 
column  of  the  -lata  and  also  the  corresponding  reading,  of  the  ex- 
citing cu-"rent  and  v/atts  iron  loss.  The  values  of  B.  given  are 

10*  F, 

calculated  with  the  formula  B  =.  ,  obtained  from 

#^  ^  A  f  n^ 

the  generp.l  formula  for  tlie  transformer  given  in  a  foriaer  i/art  of 
this  thesis. 

Ife   obtained  a  calibration  curve  for  the  Vifattmeter,  given  on 
the  accompanying  page,  froM  vrhich  we  found  the  correct  watts 
corr-espondiTig  to  t::,e  reading  talcen. 

Now  we  "know  th=.t  the  iron  loss  varies  directly  as  the  volune 
of  iron.  By  calcul^^.tion  v^e  found  the  net  voluine  of  iron  of  the 
transformer  to  he  36C  cu.  in.   The  voluiie  of  the  iron  t(-st  ring 
is  S6tXr  9   cu.  in.  By  calculation  '.he  iron  loss%*  in  the  trans- 
former was  2  -^  or  TOO  v;ai.ts  st  a  density  of  about  43000  lines 
per  sq.  in.   From  the  iron  loss  curve  for  the  ring,  the  iron  loss 
at  a  denf-'ity  of  43000  lines  per  sq.  in  is  9.6  watts.  As  t^e 
volume  of  the  rin_g  is  about  l/io  of  .he  calculated  volume  of  the 
transformer  iron.  9.6  x  10  ss"  96  watts  is  the  iron  loss  of  the 
transformer  as  obtained  in  this  manner,  which  agrees  very  closely 
vrith  the  calculc-ted  value. 

As  we  expected  to  oh-f.oin  the  material  for  the  construction 
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of  the  transformer  from  the  "jest^rn   Klect--ic  CO.  of  Chicago,  we 
obteined  a  li.st  of  the  sizes  and  styles  of  wire  'j'i'^h  they  had  in 
stoclc,  from  which  we  chose  t'-'.e  sizes  correcrwonding  to  the  current 
densities  avid  areas  required  for  the  coils  of  the  transformer, 

^Ve  finally  settled  upon  the  following,  as  the  best  suited  for 
t>ie  construction  of  the  transformer,  taXiJig  into  consideration 
both  cost  and  time  of  delivery  of  goods  to  us. 

Primary  coils  |current  density  1500  G)  mils  per  ana'iere)  132 
turns  of  #  2   square  wire  as  shovni  in  accompanying  «lrawing,  (We 
found  later  that  v;e  VTOuld  have  to  change  t'.is  to  #  2  B.  ?c  3.,  #  60 
Dovible  Cotton  covered  round  wire,  as  th.f^  cost  of  the  foriaer  proved 
to  be  too  great).   lie   -ased  six  cojis  in  series  and  22   turns  per  t 
coil. 

Secondary  coils  -  Current  density  1500  squ'^re  irils  per  anp'^re. 

Six  turn?  of  #  9  B  ?«  S.  copper  rih'^on,  2-1"  wide  and  3  wires 
in  parallel,  making  6  ri'^'hons  in  all  and  5  turns  per  coil. 
Four  coils  to  he  connected  either  in  series  or  in  parallel.  l?hen 
connected  in  series,  the  secondary  cu^'rent  is  500  amperes,  and 
when,  connected  in  parallel  the  sedondary  currcent  is  lOOO  amperes, 

Assixmirang  ,015"  as  the  thiclcness  of  the  lajiinations,  v/e  found, 
by  dividing  the  width  of  iron  of  each  si'^e  by  .015  the  nujiiber  of 
sheetsof  metal  necessary  for  each  part  of  the  curve.  For  instance 
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in  the  accorifpanying  sKetch  the  pieces  for  each  leg, 

t'v-t   ive-e  to  y^e  Z  l/S"  wide,   v;oulfl  a=-ve  to  fill   I   l/p." 

in  vridth  on  e^-^h  leg,  making  •"?"  for  ^oth  legs. 

Then =s  200   sheets  of  laetal  necessary  as  ifi   seen  on  aocorv- 

.015 

panyjng  drawing,     flo  ficcount   of  innul.-tion  ^,aR  tal:en  in  trie  case, 

as  we  fished  to  "'^  re-,   sev-^ral  extra  ones  on  hand,    in  case  any  of 

i\'e  in  any  v;ay. 

The  piecop.  r?je   asserihled  as  s'io\7n  in  the  ac— 

ccTupanying  shetch,  the  lajiinations  being 

cha:aged  with  re^;«.rd  to  th.e  position  of  the 

joint  a,  a.,   so  that  the  joint  will  not  ooiue 

..aji.e  wlace,  with  each  lariination,  as  this  would  cau.se  a  sort 

of  an  air  g<^'P,  v/iich  won.ld  require  a  higher  exciting  current  and 

te?id  to  decrease  the  efficiency  of  the  transformer. 

The  trensvorr.er  as  it  will  appear  when  asseiT.l)led  is  sT-orn  by 

the  accompanying  blue  print. 

The  botto;-:  ond  the  -wo  legs  of  ih^:  core  .-.re  first  assembled, 

the  bottom  being  clamped  togetlier  vith  the  y;ood  claifips  as  shovni. 

Then  on  each  leg  is  v;rapped,  pressboard  l/8"  thiclc.  The  coils  are 

placed  on  the  o\itside  of  t'lis,  and  then  the  upper  part  of  f^e  core 

is  assembled  =nd.  clamped  as  shown. 
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